We made CO (J = 1-0, 2-1, and 3-2) observations toward an HII region RCW 32 in the Vela Molecular Ridge. The CO gas distribution associated with the HII region was revealed for the first time at a high resolution of 22 arcsec. The results revealed three distinct velocity components which show correspondence with the optical dark lanes and/or Hα distribution. Two of the components show complementary spatial distribution which suggests collisional interaction between them at a relative velocity of ∼4 km s −1 .
November 29 to December 5 in 2016 (Ezawa et al. 2004; . The HPBW of the ASTE telescope at ∼ 345 GHz corresponds to ∼ 22 . A cartridge-type dual-polarization side-band separating mixer receiver for the 350 GHz band, "DASH 345", was used for the observations. The typical system noise temperature toward RCW 32 including the atmosphere was ∼ 300 K. Two XF-type digital spectrocorrelators, "MAC" with the narrow band mode (bandwidth = 128 MHz) centered on 345.795990 GHz which provided a velocity coverage of ∼111 km s −1 and velocity resolution of ∼ 0.11 km s −1 were selected for the observations (Sorai et al. 2000) . Our observations were conducted by the OTF mode with Nyquist Sampling and orthogonal two scan maps (an x scan map and a y scan map) with 8 × 8 were summed up to reduce scanning effects. We used the spectrum of (l, b) = (262.
• 46, 1.
• 71), which has no significant emission in 0.12 K (T a * ) sensitivity, as the reference spectrum for the blank sky. The pointing accuracy was checked every 2 hours and was achieved to be within 3 through cross scan observations of RAFGL 4078 (07h45m02.41s, −71d19m45.7s) and GX Mon (06h52m47.04s, +08d25m18.8s). The absolute intensity calibration was done by comparing peak intensity of IRC+10216 [α B1950 = 9 h 45 m 14. s 8, δ B1950 = −13 • 30 40 ] observed by the ASTE telescope and the CSO telescope to be 32.5 K (Wang et al. 1994 ).
Results

Gas Distributions in the Vicinity of RCW 32
Figure 1 shows large-scale distributions of the molecular and ionized gas toward RCW 32 in a 2 • by 2 • field. Figure 1a shows distribution of the Hα recombination line emission (Gaustad et al. 2001 ).
The small and large gray circles indicate approximate shapes of RCW 32 and RCW 27, respectively. Crosses show positions of early B stars (CD−40 4579 and HD 74804) toward RCW 32 and the exciting star (HD 73882) of RCW 27. In Hα RCW 32 is more than twice as bright as RCW 27.
The elongated depression from the center of RCW 32 to the southwest corresponds the dark lane SL2 (Brand et al.1984) . Figure 1b shows velocity integrated intensity distribution of 12 CO (J = 1-0)
observed by the NANTEN2 telescope, whose integrated velocity range is from 0.0 to 15.0 km s −1 .
The molecular gas is extended over the region and RCW 32 seems to be located between two CO peaks at (l, b) = (261.
• 40, 0.
• 85) and (261.
• 55, 1.
• 05). The red, green, and blue represent Hα, R band, and B band, respectively. The HII region RCW 32 is roughly spherically with a radius of ∼3 pc centered on the exciting star HD 74804, and the star cluster Cr 197 including HD 74804 is extended with a radius of 1.5 pc centered on the star. The dark lane SL2 is seen from the center of RCW 32 to the southwest and another dark cloud is seen toward the northwestern edge of RCW 32. Figure 2b shows an infrared three composite color image 2 of RCW 32 obtained with WISE. The red, green, and blue represent distributions at 22 µm, 4.6 µm, and 3.4 µm, respectively. The figure shows that the dust emission at the infrared wavelengths delineates the outer boundary of RCW 32 in particular toward the western half.
In Figure 2b the two bright features in the north and south correspond to the BRCs SFO 58 and SFO 57. The exciting star HD 74804 is located in the center of RCW 32 between these BRCs. The dark lane SL2 is not seen in the infrared wavelength. Figure 2c shows integrated intensity distribution of 12 CO (J = 2-1) observed with NANTEN2 in a velocity range from 0.0 to 12.0 km s −1 . The black crosses indicate the positions of stars earlier than B4. The dashed black box indicates the region where we observed in 12 CO (J = 3-2) with ASTE. Figure 2c shows that the two peaks of the molecular clouds are distributed toward the two BRCs. These BRCs are both considered to be driven by the ultraviolet radiation of HD 74804, and the dense molecular cloud toward SFO 58 exhibits an active on-going young massive star formation as shown by the infrared object IRAS08435-4105 (Urquhart et al. 2006) . The distribution of the overall molecular gas implies that RCW 32 is not a young HII region, where molecular gas inside of the HII region is almost fully ionized by the exciting star except for the two BRCs which still hold their original cloud shape at least in part. • 68, 0.
• 80). In a velocity range from 2.6 to 6.8 km s −1 , the molecular cloud (hereafter the Red cloud South) corresponds to SFO 57 and a V-shaped • 45 -261.
• 50, b = 1.
• 07 -1.
• 15 are influenced by the UV radiation from the B star(s) and exhibit distribution similar to the pillars of creation in the Eagle nebula (M16). In a velocity range from 3.8 to 7.4 km s −1 , the Red cloud North is distributed along the northeastern edge of the Blue cloud. In a velocity range from 5.6 to 8.3 km s −1 , the Red cloud North is distributed along the southwestern edge of the Blue cloud.
3.3 Intensity Ratio of 12 COJ = 3-2 / 2-1 Figure 6 shows velocity-channel distributions of an intensity ratio R 3−2/2−1 of the 12 CO (J = 3-2) emission to the 12 CO (J = 2-1) emission. We convolved both the 12 CO (J = 2-1) and 12 CO (J = 3-2) data with Gaussian functions to have the same HPBW, 103 and used the pixels with intensities higher than eight sigmas for the both data. Contours show the integrated intensity of the 12 CO (J = 2-1) emission. The direction of early B star, HD 74804 is indicated by black arrows in the bottom-right panel.
We use the published data in order to estimate the typical line intensity ratio R 3−2/2−1 in the Galactic disk, by choosing regions where no local extra heating is working. Since there is no extensive survey in the J = 3-2 emission, we adopt individual objects which were observed in the J = 3-2, 2-1, and 1-0 transitions of 12 CO. One of the objects selected is RCW 38 at a distance of 1.7 kpc which includes an HII region observed at 0.3 pc resolution in the J = 3-2 and J = 1-0 transitions (their intensity ratio is defined as R 3−2/1−0 ) by Fukui et al. (2016) . Another object is M20, an HII region at a distance of 1.7 kpc, and is observed in the J = 2-1 and 1-0 transitions (their intensity ratio is defined as R 2−1/1−0 ) at 1 pc resolution by Torii et al. (2011) . We find that R 3−2/2−1 0.4 in RCW 38 and R 2−1/1−0 0.5 in M20 and that the two ratios are fairly uniform in regions over a ∼10 pc extent where no extra heating is noticed. We consider that the two ratios are typical to the disk clouds without an extra heat source and estimate a typical ratio R 3−2/2−1 of 0.8 by taking a ratio of the two values. Unlike 12 CO (J = 2-1), distribution of 12 CO (J = 3-2) emission observed with ∼4 times finer angular resolution shows filamentary structures (See Figure 5) . It is possible that the obtained • 400,
1.
• 145) used in Figure 7 .
R 3−2/2−1 gives lower limit as it is smoothed down to the coarser resolution of J = 2-1. However, this effect should not be significant because R 3−2/2−1 only at the surfaces of molecular clouds facing the B star show higher values due to the irradiation of UV radiation while the other regions show lower values which is almost consistent with the galactic typical one (0.8).
In a velocity range from 1.1 to 3.8 km s −1 , the Blue cloud exhibits a gradient in R 3−2/2−1 toward B star(s). The inner part of the Blue cloud facing to the HII region shows R 3−2/2−1 higher than 1.0 up to 2.0, whereas the outer part of the cloud shows R 3−2/2−1 lower than 0.8. This suggests that the Blue cloud is associated with the HII region and is heated up radiatively. In a velocity range from 3.8 to 7.4 km s −1 , the Red cloud North shows a gradient of R 3−2/2−1 toward its sharp edge and high R 3−2/2−1 over 1.5 are seen on the edge. The edge corresponds to SFO 58 and its exciting star is early B star HD 74804 (Urquhart et al. 2006) . In a velocity range from 3.8 to 5.6 km s −1 , part of the Blue cloud at (l, b) ∼ (261.
• 35, 1.
• 10), a ratio of typical value for the Galactic disk and is not significantly affected by the B stars. The Blue cloud and part of the Red cloud North show a high R 3−2/2−1 along the southern edge in Figure 6 . This may be explained as due to heating by HD 74804, while some contribution of CD−40 4579 is not excluded. In a velocity range from 5.6 to 7.4 km s −1 , part of the Red cloud North at (l, b) ∼ (261.
• 05), shows a gradient of a ratio toward B stars with significantly high values from 0.9 to 2.0 in the region facing to the B star HD 74804.
Physical Parameters of the Molecular Clouds
In this subsection, we derive physical parameters such as molecular mass and column density for each cloud. Molecular mass M in M is estimated from Equations (1).
where µ, m p , d, Ω and N i (H 2 ) are mean molecular weight, mass of hydrogen, distance, solid angle of a pixel, and column density of molecular hydrogen for i-th pixel, respectively. We use 20 % for abundance of helium corresponding µ = 2.8 and d = 1.0 kpc. Column densities of molecular hydrogen for each cloud is estimated by Equation (2).
where W ( 12 CO) is integrated intensity of 12 CO (J = 1-0) and X is an empirical conversion factor from W ( 12 CO) to N(H 2 ). We adopt X = 1.0 × 10 20 cm −2 (K km s −1 ), which is derived by Okamoto et al. (2017) by using the Planck dust emission data toward the Perseus molecular cloud. From these equations, molecular masses for the Blue cloud, the Red cloud North and the Red cloud South are derived to be 360 M , 900 M , and 300 M and maximum column densities are ∼ 2× 10 21 cm −2 , ∼ 6× 10 21 cm −2 , and ∼ 6× 10 21 cm −2 , respectively. Detailed physical parameters for each cloud are summarized in Table 1 . 5. Both the Red and Blue clouds have regions with a ratio R 3−2/2−1 over 1.2 which is substantially higher as compared with the typical value in Galactic disk clouds (∼ 0.8).
Parent Cloud(s) of the Star Cluster Cr 197
Figure 2a suggests that RCW 32 is not a young HII region because the central B stars are not associated with the parent clouds within 3 -4 pc except for SFO 57 and SFO 58. It is likely that the molecular gas has been dispersed by ionization and winds from HD74804. We derived the electron density toward the peak of radio continuum emission by the 4850 MHz Parkes-Mit-NRAO (PMN) survey (Griffith & Wright 1993) . The electron density is estimated to be ∼ 20 cm −3 by assuming an electron temperature of 8000 K and a path length as 6.5 pc, the same with the size of the HII region. According to Israel (1976b) this electron density corresponds to a classical HII region which means a relatively evolved HII region. Moreover, Tremblin et al. (2014) carried out 3-dimensional hydrodynamical simulations of expanding HII regions and showed that it takes more than 1 Myr for an HII region to expand to a radius of 3 pc. This is consistent with the interpretation above. There is no work which addresses the formation of the exciting star in RCW 32. The present results on detailed molecular distribution opened a possibility to explore the formation mechanism. We found that the two Red clouds in North and South have similar ranges of radial velocities, peak velocities, and column densities. Furthermore, it is probable that both of them are ionized by the same source (HD 74804) and form bright rims toward the side close to the ionization source (see Figure 3 and Table 1 ). This suggests that there was a single large cloud which was distributed between the Red clouds North and South before the B star formation. SL2 is an outstanding dark feature in optical images as a dark feature (e.g., Figure 2a ), whereas it is not bright at the infrared wavelengths ( Figure   4b ). This suggests that SL2 is not located close to RCW 32 and is not irradiated by the HII region.
Conversely, Figure 4b shows that SFO 57 and SFO 58 are emitting infrared radiation and they are likely associated with RCW 32.
Possible Origin of High Mass Stars
First, we examine a possibility of a simple model that the exciting star was formed in a natal cloud in the past and the expanding motion was produced by the stellar wind which caused the observed velocity span between the Red and Blue clouds. is ∼50 degrees. This angle is converted into the solid angle by assuming that the Blue cloud has a depth similar to its width in the sky. We thus estimate the solid angle subtended by the star to the Blue cloud is ∼0.6 str, indicating that ∼5 % of the stellar wind momentum, 100 M km s −1 , is available to accelerate the Blue cloud, which is too small to explain the velocity shift. We therefore conclude that the stellar winds are not able to cause the velocity shift of the Blue cloud, and that the velocity span is hardly explained as due to the stellar wind.
Next, we examine the effect of an HII region on the cloud dynamics. We used the model of gas acceleration by an early B star in hydrodynamical numerical simulations by Hosokawa & Inutsuka (2007) . We chose their model CNM-S12 and found the effects of the B star on the molecular gas as a velocity shift of ∼ 2 km s −1 and a thickness of the compressed layer of less than 1 pc ( Figure 5 in the paper). The results indicate a typical outcome of acceleration by the ultraviolet photons. We developed discussion that the velocity field accelerated by a B star should show a velocity shift of a few km s −1 at places closer to the stars. Such a trend is not found in the present data (see Figures 3 and 5). Accordingly, we reached the same conclusion that the gas motion is not significantly affected by HD 74804. The blue and red shifts of the clouds are likely preexistent, and are not to due the stellar acceleration. We suggest that the accelerated gas is possibly ionized already. It is also probable that the expanding HII gas easily escapes in the highly inhomogeneous molecular distribution as the socalled Champagne flow (Tenorio-Tagle 1979) . We examine the possibility of a cloud-cloud collision as an alternative model in the following.
Cloud-Cloud Collision as a Triggering Mechanism of High-Mass Star Formation
It was discussed that cloud-cloud collision is a triggering mechanism of star burst activities in colliding galaxies (e.g., Young et al.1986 ). Recent studies indicate that cloud-cloud collision phenomena frequently take place not only in interacting galaxies but also among molecular clouds in the Galaxy. Dobbs et al. (2015) carried out hydrodynamical numerical simulations of isolated galaxies and found that collisions of molecular clouds having a size larger than 10 pc occur every 8 -10 Myr. The mean free time between collisions is sufficiently shorter than a life time of molecular clouds in a galaxy, ∼20 Myrs (Fukui et al. 2008; Fukui & Kawamura 2010) . Theoretically, Inoue & Fukui (2013) demonstrated that cloud-cloud collision realizes a large mass accretion rate of 10 −4 -10 −3
M yr −1 through three-dimensional magnetohydrodynamics (MHD) simulations, and that the high mass accretion rate leads to form massive, gravitationally bound molecular cloud cores, precursors of high mass stars. Habe & Ohta (1992) and Anathpindika (2009b) showed that a collision between two molecular clouds with supersonic relative velocities generates a compressed layer at the collisional front, and that enhanced turbulence in the layer increases an effective sound speed and then increases the Jeans mass. Recent observations presented evidence on cloud-cloud collision in super star clusters (e.g., Westerlund 2, Furukawa et al. 2009; NGC3603, Fukui et al. 2013) and Galactic open clusters / HII regions (e.g., M20; Torii et al. 2011, RCW 120; Torii et al. 2015) . These authors discovered two natal molecular clouds with various signatures of collision toward the young high mass stars. Three HII regions RCW 34, RCW 36, and RCW 38 in Vela C are also proposed as sites where cloud-cloud collision occurred and triggered the formation of O / early B stars Sano et al. 2017; Fukui et al. 2016) . These authors discovered that the two natal clouds exhibit complementary spatial distribution, an observational signature of collision. It is therefore worthwhile to explore if cloud-cloud collision is a dominant mechanism in the VMR, and RCW 32 is an obvious object to test if cloud-cloud collision is operating.
4.5 Cloud-Cloud Collision in RCW 32 
2016)
The direction of the edges of the two clouds in Figure 7a seems to be parallel with each other. fully dispersed most likely due to the ionization and winds, we assume that the collision terminated The two signatures above, the complementary distribution and the bridges characteristic to cloud-cloud collision suggests that collision took place in RCW 32. This does not directly support that the star formation was triggered by the cloud-cloud collision because the natal clouds are strongly dispersed within 3 -4 pc of HD 74804, making it difficult to assess the natal gas properties.
Therefore, RCW 32 is a case where triggered high mass star formation is not directly confirmed based on molecular clouds due to the cloud dispersal. This differs from a case RCW 38 where collisional triggering is firmly supported by the current cloud distribution thanks to a very young cluster age 0.1
Myr ).
According to the previous samples of triggered high mass star formation, the molecular column density is as high as 10 22 cm −2 for single O / early B star formation by collisional triggering
